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缩略词 英文名称 中文名称 
AP Alkaline phosphatase 碱性磷酸酶 
APA Alkaline phosphatase activity 碱性磷酸酶活性 
APAChla Chla-specific APA 
单位叶绿素 a 酶活
性 
Chla Chlorophyll a 叶绿素 a 
DIN Dissolved inorganic nitrogen 溶解无机氮 
DO Dissolved oxygen 溶解氧 
DOP Dissolved organic phosphorus 溶解有机磷 
ELF Enzyme labeled fluorescence 酶标记荧光 
MUF 4-Methylumbelliferyl fluorescence 4-伞基酮荧光素 
MUP 4-Methylumbelliferyl phosphate 4-伞基酮磷酸盐 
Pi Orthophosphate 正磷酸盐 
SNP Soluble nonreactive phosphorus 溶解态非活性磷 
SRP Soluble reactive phosphorus 溶解态活性磷 
TN Total nitrogen 总氮 



















摘  要 
受全球气候变化和人类活动等多重影响，流域生态系统发生了显著的变动。
于 2012 年-2013 年期间，研究了九龙江北溪和西溪浮游植物类群组成、时空分
布特征及其与环境因子的关系；并对北溪重点库区—西陂电站库区进行周年 




九龙江北溪浮游植物主要呈硅藻 (春季)-蓝藻 (夏季)-隐藻 (冬季) 季节演
替，直链藻  (Melosira) 、针杆藻  (Synedra)、栅藻  (Scenedesmus) 和隐藻 
(Cryptomonas) 是北溪常见的浮游植物。硅藻、绿藻和隐藻是生物量 (湿重) 的主




APAChla 表现为夏季>冬季>春季，游离态 APAChla 是主要贡献者。从较高的
氮磷比和较高的游离态 APAChla，推测北溪处于长期磷胁迫的状态。 
2、九龙江西溪浮游植物群落组成及其磷胁迫 
九龙江西溪浮游植物主要呈绿藻 (春季)-蓝藻 (夏季)-隐藻 (冬季) 季节演
替，隐藻、栅藻、十字藻 (Crucigenia)、直链藻、针杆藻和鱼腥藻 (Anabaena) 是
西溪常见的浮游植物。浮游植物生物量呈冬季 (8.93 mg/L)>春季 (5.41 mg/L)>夏
季 (2.49 mg/L)，下游生物量较高。氨氮和水温是影响西溪浮游植物生物量和群
落组成的重要因子，溶解活性磷和氮磷比也对浮游植物的分布有较大的影响。 




裂藻 (Merismopedia)、实球藻 (Pandorina)、胶网藻 (Dictyosphaerium) 等为主要

















西陂库区 APAChla 变化范围为 21.22-508.56 nmol/μgChla/hr，5 月和 6 月明显
高于其他月份，游离态 APAChla 为最主要的形态。空间上，不同区域的 APAChla
的变化趋势基本与溶解无机氮和溶解活性磷的摩尔比 (DIN/SRP) 的变化趋势相
反。库区 APAChla 与流量、溶解无机氮、总氮和总磷的摩尔比 (TN/TP) 和溶解无


















Significant changes had occurred in watershed ecosystems because of the multiple 
influence from the global climate change and human activities. Water samplings were 
conducted in the Jiulong River Watershed to research the spatial and temporal 
distributions of phytoplankton composition structure, associated the interaction with 
environmental factors during 2012 and 2013. Water samplings were also conducted in 
a key regions–Xipi Reservoir throughout the year (May 2012-April 2013). Meanwhile, 
as significant impacts of phosphate in fresh waters, bulk alkaline phosphatase activity 
(bulk-APA) were measured to explore the temporal and spatial variations of 
phytoplankton phosphorus stress in the research area. The major findings of the present 
study were as follows:  
1: Phytoplankton community composition and its phosphorus stress in Beixi, 
Jiulong River, Fujian 
The seasonal succession of phytoplankton community composition showed 
Bacillariophyta (spring)-Cyanophyta (summer)-Cryptophyta (winter). Melosira, 
Synedra, Cryptomonas and Scenedesmus were the major dominant phytoplankton 
genera in Beixi. Bacillariophyta, Chlorophyta and Cryptophyta were the main 
contributors to phytoplankton biomass. Biomass were high in spring and winter (2.80 
mg/L and 2.73 mg/L, respectively), while in summer (0.81 mg/L) the biomass observed 
to be low. On the spatial distribution, the biomass was increasing rapidly in the 
downstream stations. Water temperature was suggested to be the major influence factor 
to the spatial and temporal distributions of phytoplankton community. Besides, soluble 
reactive phosphorus (SRP) was also important for the variations of phytoplankton 
community composition, while the influence of dissolved inorganic nitrogen nutrient 
was not obvious as SRP.  
The average APAChla performed its highest value in summer, followed by those in 
winter, and was the lowest in spring. Soluble APAChla always were the main contributor 
to total APAChla in three periods and the phytoplankton might suffer from severe 
phosphorus stress in a long time. 
2: Phytoplankton community composition and its phosphorus stress in Xixi, 
Jiulong River, Fujian 
The seasonal succession characteristic of phytoplankton community composition 















Synedra, Crucigenia, Cryptomonas, Scenedesmus and Anabaena were the common 
phytoplankton in Xixi. The average phytoplankton biomass was: winter > spring > 
summer. Overall, the spatial distributions of biomass characterized higher values in 
downstream during three periods. NH4
+-N and water temperature were suggested to be 
important factors in the phytoplankton biomass and community composition. Soluble 
reactive phosphorus and N: P ratios also affected the distributions of phytoplankton. 
The average APAChla value in summer was the highest, followed by those in spring, 
and was the lowest in winter. High contributions of soluble APAChla to total APAChla. 
indicated that phytoplankton community might suffer from a long time phosphorus 
stress status in Xixi. 
3: Phytoplankton community composition and its phosphorus stress in Xipi 
Reservoir, Jiulong River, Fujian 
Phytoplankton species were mainly of Bacillariophyta, Chlorophyta, Cryptophyta 
and Cyanophyta in Xipi Reservoir. Melosira, Cryptomonas, Merismopedia, Pandorina, 
Dictyosphaerium were the main dominant phytoplankton genera. Annual distributions 
of phytoplankton biomass showed bimodal state and the peaks occurred in July and 
March. Discharge and water temperature might be the important factors affecting 
phytoplankton biomass. On the spatial distribution, phytoplankton biomass was higher 
in lacustrine zone than those in riverine zone and transition zone. The proportions of 
Bacillariophyta were decrease gradually from riverine zone to lacustrine zone, while 
the proportions of Cryptophyta were observed to be increasing. 
The APAChla ranged from 21.22 to 508.56 nmol/μgChla/hr, with significantly 
higher values in May and June. Soluble APAChla was the major form of the total APAChla. 
On the space scale, the variations of APAChla showed contrast trend with the variations 
of DIN/SRP in most months. APAChla was significantly negative correlated with 
discharge, DIN, and TN/TP, DIN/SRP, while significantly positive correlation was 
observed between APAChla and TP. 
 Key word：Jiulong River; phytoplankton; alkaline phosphatase activity; algal 































为少见，但在 2003 年以后发生频率有所增加 (Liu et al., 2008; Xu et al., 2009)。
河流水华的常见种类有：甲藻水华 (胡圣等, 2008; 边归国等, 2010)、硅藻水华 
(卢大远等; 2000; 殷大聪等, 2011) 和蓝藻水华 (易仲强, 2009) 等。 
水华时某些浮游植物会暴发性增殖，导致水质恶化、缺氧、产生腥臭等异味
物质，某些有害藻类水华 (Harmful Algal Blooms, HABs) 还带来了许多不利的影
响，如使生物多样性减少或一些水生物种的消失，有些藻类分泌的毒素 (如神经
毒素和肝毒素等) 还会对养殖业和人类的健康造成威胁，每年因有害藻华事件对
全球经济的影响损失高达数十亿美元 (Smith & Schindler, 2009)。而在全球气候
变暖的大背景下，有害藻华，尤其是蓝藻藻华发生的频率有所提高 (Yoo, 1995; 
Codd et al., 2005)。对于发生蓝藻水华的水体而言，其发生富营养化的过程中，水
温是非常重要的影响因素之一，尤其是以蓝藻种类微囊藻为优势种的蓝藻水华，

















高温度 (25 °C-35 °C)。温暖的天气使得蓝藻生长季节变长，且地理上分布范围
扩大到原本较冷的水体中 (Paerl & Huisman, 2008)。 
经济合作与发展组织 (OECD) 在 1982 年提出，富营养化的指标为平均总磷
浓度大于 0.035 mg/L，平均叶绿素浓度大于 0.008 mg/L，平均透明度小于 3 m。
按照上述标准，我国许多湖泊和流域已经处于富营养化状态。近年来，淡水水华
频频出现，并由湖泊向河流-库区扩展、从点到面蔓延，且大多集中在人口密集、
经济发达、污染严重的长江中下游和东部沿海地区。2007 年 5 月太湖暴发了有
史以来规模最大的蓝藻水华，滇池、巢湖、汉江、蓄水后的三峡库区等，也都频
频暴发水华，这些都造成了不可估量的健康和财产损失 (崔广柏等, 2009; 谢平, 
2009)。即使在国外，富营养化问题也较为严重，在澳大利亚 Murrya-Darling 流
域，由于大坝和围堰的兴建，在 Mururmbdigee 河上常常暴发有害的鱼腥藻水华 






从而提出正确且有效的预防和管理措施，解决富营养化与水华问题 (Qin et al., 







蓝藻门  (Cyanophyta)、甲藻门  (Dinophyta)、隐藻门  (Cryptophyta)、裸藻门 
(Euglenophyta)、金藻门 (Chrysophyta) 和黄藻门 (Xanthophyta) 八个门类的浮游















微型浮游植物 (nanoplankton, 2-20 μm) 和微微型浮游植物 (picoplankton, 0.2-2 
μm) (Sieburth et al., 1978)。 
浮游植物是水环境的重要指示生物，具有生长周期短、受环境影响较大的特
点，某些种类可作为海流、水团或形成水华或赤潮的指示种 (O'Farrell et al., 2002；
Aktan et al., 2005)，其兴衰过程直接或间接地影响着整个水生态系统的生产力 
(高亚辉, 2001)。浮游植物与环境之间存在着十分密切的关系，环境条件的改变会
直接或间接地影响到浮游植物的群落组成与结构，同时浮游植物种类组成和分布
对环境变化具有指示作用 (Lepistö et al., 2004)。因此浮游植物也常常被视为水质
的指示生物  (Coste et al., 1991; Prygiel, 1991 )，例如螺旋鞘丝藻  (Lyngbya 
contoria)，鱼形裸藻 (Euglen apisciformis) 等是超富营养型水体的代表种；空星
藻  (Coelastrum sphaericum)，十字藻  (Crucigeniaa piculata)，水华鱼腥藻 
(Anabaena flosaquae) 等是富营养型水体的代表种；梅尼小环藻  (Cyclotella 
meneghiniana)，颗粒直链硅藻  (Melosira granulate)，龙骨栅藻  (Scenedesmus 
cavinatus) 等是中-富营养型水体的代表种；集星藻 (Actinastrum hantzschii)，胶
网藻 (Dictyosphaeriumehrenber gianum)，空球藻 (Eudorina elegans) 等是中营养
型水体的代表种；北方羽纹藻 (Pinnularia borealis)，纤细羽纹藻 (Pin. gibba)，黄
群藻 (Synura urella) 等是贫营养型水体的代表种 (况琪军等, 2005)。由于使用浮
游植物去监测水质具有简单方便，能对环境的变化快速做出反应，监测范围广等
优点 (Nwankwo & Akinsoji, 1992)。所以，对水生生态系统中浮游植物群落结构
及其演变特征的研究成为淡水水生系统中水质监测、营养型评价的重要内容，也



































衡，并且使溶解氧和水温发生变化 (Lancelot et al., 2002; Brismar, 2004)。然而，
这些变化往往不是直接明显的，而且也很难在短期内做出大坝对水生态系统的精







河流型水库从入库口处到大坝可依次分为河流区  (Riverine zone)、过渡区 
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